Introduction {#S0001}
============

Papillary thyroid microcarcinoma (PTMC) is defined as a PTC with no more than 1 cm at the greatest dimension, and its incidence has increased dramatically in recent years.[@CIT0001] PTMC accounts for up to 40% of new thyroid cancer diagnoses worldwide and has an excellent prognosis.[@CIT0002] However, approximately 30--70% and 1--3% of patients with PTMC who have cervical lymph node metastasis and distant metastases at diagnosis have worse prognosis, with high rates of recurrence.[@CIT0003] Therefore, the optimal treatment strategy of PTMC remains controversial.[@CIT0004]

Given the favorable prognosis, several kinds of research from Japan proposed that an active surveillance was a safe and effective alternative to immediate surgery for properly selected patients with PTMC.[@CIT0005]--[@CIT0007] Moreover, one study indicated that elderly PTMC patients may be the best candidates for observation because of its lower risk of progress.[@CIT0008] In addition, latent PTMC was detected at autopsy in 0.5--5.2%, and the incidence had a peak in the elderly.[@CIT0009],[@CIT0010] These evidence suggest that relatively conservative treatment procedures might be reasonable for the elderly PTMC.

On the other hand, a large number of studies have shown that age is an important prognostic factor for PTC and has been used as a major stratification factor in prominent classification systems such as TNM, AMES (Age, Metastases, Extent, Size), and MACIS (Metastases, Age, Completeness of resection, Invaision, Size).[@CIT0011]--[@CIT0013] Old age is associated with higher recurrence and death risk in patients with PTC. Therefore, a more aggressive treatment for elderly patients has been advocated by other authors.[@CIT0014],[@CIT0015] It has been reported that PTMC may have a similar recurrence rate to that of their clinically detectable counterparts.[@CIT0016],[@CIT0017] And of course, all cases of advanced PTC progressed from PTMC. Thus, a more aggressive treatment seems to be suitable to elderly patients with PTMC. However, uncertainty still exists due to the absence of evidence on the recurrence of PTMC in the elderly. Recently, Tang et al[@CIT0018] showed that \>65 years elderly PTMC patients had a lower cause-specific survival, but the study was based on the data from the SEER database and could not analyze the recurrence risk. PTMC causes very few disease-specific deaths, but the recurrence risk has been reported as high as 40% in the literature.[@CIT0019] Treatment for postoperative recurrence may affect patients' quality of life and increase public health care burden. Therefore, the detection of postoperative recurrence may be valuable than disease-specific mortality.

In the present study, we retrospectively collected the data of PTMC patients who underwent thyroidectomy in our hospital and analyzed the influence of old age on the risk of postoperative recurrence, providing evidence-based evidence for the optimal treatment policy of elderly PTMC.

Patients and methods {#S0002}
====================

Patients {#S0002-S2001}
--------

We retrospectively reviewed the medical records of all consecutive PTMC patients who underwent initial thyroid surgery at our center from January 2012 to January 2015. Patients aged \<18 years (n=2), lateral cervical lymph node metastasis at the time of initial diagnosis (n=54), or follow-up duration of \<6 months (n=32) were excluded. Recurrence (n=10) diagnosed within 3 months after surgery was also excluded due to the possibility of persistence disease. Ultimately, 1,235 patients were enrolled in this study and were evaluated to identify the risk factors of postoperative recurrence. According to whether the patient was \>65 years old at the time of diagnosis, 1,235 patients were divided into two groups: elderly (202 patients, 16.4%) and nonelderly groups (1,033 patients, 83.6%).

Treatment {#S0002-S2002}
---------

The management of patients with PTC has been described previously.[@CIT0020] Briefly, neck ultrasonography (US) was routinely performed in all patients preoperatively. When a highly suspicious thyroid nodule was found, the nodule was further evaluated by US-guided fine-needle aspiration (FNA) cytology examination. Patients with cytological diagnosis of PTMC received surgical therapy or active surveillance depending on patient preferences and the decision of the surgeon. As for the surgical extent, lobectomy (LT) was only performed for confirmed PTMC without bilateral foci, extrathyroidal extension (ETE), lymph node metastasis, and distant metastasis; otherwise, total thyroidectomy (TT) was performed. A complete ipsilateral central compartment lymph node dissection (CND) was performed for patients who underwent LT. Ipsilateral or bilateral CND was performed for patients who underwent TT. After operation, all patients were treated with levothyroxine for TSH suppression therapy. Some patients who underwent TT received radioactive iodine (RAI) ablation therapy according to the recommendation of American Thyroid Association guidelines.[@CIT0021]

Follow-up {#S0002-S2003}
---------

Patients were followed up every 3 months during the first year and at 6-month intervals thereafter. Patients received regular physical examinations, neck US, serum free thyroxine (FT4), thyrotropin (TSH), thyroglobulin (Tg), and antithyroglobulin antibody (TgAb) measurements. Any suspicious lesions were assessed using US-guided FNA cytology and imaging modalities, including US, contrast-enhanced computed tomography, whole-body nuclear scanning with radioactive iodine, and/or 18F-fluorodeoxyglucose positron emission tomography/computed tomography. Recurrence was defined as structural recurrence, determined using imaging modalities followed by histological confirmation, regardless of serum Tg levels. Recurrence-free survival (RFS) was defined as the time interval between initial surgery and the detection of structural recurrent disease or the last neck US and cross-sectional imaging. The overall median follow-up time was 38 months (IQR, 16 to 44 months).

Statistical analyses {#S0002-S2004}
--------------------

Continuous variables were presented as mean ± SD, and categorical variables were presented as number with percentage. The clinicopathological characteristic difference between elderly and nonelderly was assessed using Mann--Whitney *U* test, Chi-square, or Fisher exact test according to the distribution of the variables. Multivariate Cox proportional hazard models were used to identify independent predictors of postoperative recurrence through the backward elimination of variables with *P*-values lower than 0.1 in univariate analyses. The estimated HR and 95% CI were calculated. RFS curves were constructed using the Kaplan--Meier method, and differences were evaluated by log-rank test. *P*-values \<0.05 were considered statistically significant. All *P*-values were two-sided. All analyses were performed using SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA).

Ethics approval {#S0002-S2005}
---------------

The Institutional Review Board of West China Hospital of Sichuan University waived approval for this study due to the retrospective and fully anonymized character. All patient data were kept strictly confidential, and all procedures performed in this study were in accordance with the Declaration of Helsinki.

Results {#S0003}
=======

Clinicopathological characteristics were compared between patients aged ≥65 years (elderly group) and aged \<65 years (nonelderly group) at the time of diagnosis, as presented in [Table 1](#T0001){ref-type="table"}. Compared with nonelderly patients, patients in the elderly group were more likely to exhibit bilaterality (17.8% vs 11.2%, *P*=0.011), ETE (49.5% vs 32.2%, *P* \< 0.001), and central compartment lymph node metastasis (CLNM) (55.4% vs 43.3%, *P*=0.002), especially the CLNM ratio (defined as the number of metastatic lymph nodes in the central compartment on pathology divided by the total number of harvested central compartment lymph nodes) \>0.5 (16.3% vs 7.7%, *P*=0.006).Table 1Clinicopathological characteristics of patients with PTMCVariablesElderly (n=202)Nonelderly (n=1033)*P-*valueMean age at diagnosis, years67.8±4.0242.2±9.76**0.000\***Female sex, n (%)152 (75.2)765 (74.1)0.926Hashimoto's thyroiditis, n (%)35 (17.3)201 (19.5)0.438Nodular goiters, n (%)52 (25.7)243 (23.5)0.557Mean tumor size (mm)7.6±1.927.3±1.820.802Tumor size \>5mm, n (%)168 (83.2%)845 (81.8)0.894Bilaterality, n (%)36 (17.8)116 (11.2)**0.011\***Multifocality, n (%)72 (35.6)322 (31.2)0.255Extrathyroidal extension, n (%)100 (49.5)333 (32.2)**0.000\***BRAF mutation/total n (%)48/68 (70.6)207/314 (65.9)0.459TT, n (%)176 (86.1)836 (80.9)0.078BCND, n (%)76 (37.6)378 (36.6)0.873T4a，n (%)3 (1.5)12 (1.2)0.701CLNM, n (%)112 (55.4)447 (43.3)**0.002\***CLNM number \>5, n (%)27 (13.4)102 (9.9)0.716CLNM ratio \>0.5, n (%)33 (16.3)80 (7.7)**0.006\***RAI, n (%)80 (39.6)481 (46.6)0.051Recurrence, n (%)12 (5.9)28 (2.7)**0.018\***CLNR11 (4.5)27 (2.6)**0.033\***LM0 (0.5)1 (0.1)1.000CLNR + LM1 (1.0)0 (0.0)0.363Median follow-up time, months (IQR)37 (21--42)38(22--45)0.778[^2][^3]

During the follow-up period, 40 patients (3.2%) had recurrences, 12 (5.9%) in the elderly group and 28 (2.7%) in the nonelderly group. Among them, cervical lymph node recurrence (CLNR) was diagnosed in 38 (3.06%) patients and lung metastasis (LM) in one (0.08%) patient; one (0.08%) patient had CLNR and LM. No recurrence was observed in the thyroidal bed ([Table 1](#T0001){ref-type="table"}). In the unadjusted analysis, 5-year RFS estimates were inversely associated with increased patient age: 95% for patients with age \<65 years and 92% for patients with age ≥65 years ([Figure 1](#F0001){ref-type="fig"}). The elderly patients had poorer RFS than younger patients (*P*=0.002). Because no death was observed in our cohort, disease-specific survival could not be analyzed between groups.Figure 1The elderly PTMC patients had poorer recurrence-free survival than those with younger ages (*P*=0.002 by the log-rank test).**Abbreviation:** PTMC, papillary thyroid microcarcinoma.

In multivariate analysis by Cox proportional hazard regression models, the independent predictors of recurrence were age (HR 1.03, 95% CI: 1.01--1.07; *P*=0.004), CLNM ratio \>0.5 (HR 3.38, 95% CI: 1.58--7.24; *P*=0.002), ETE (HR 2.24, 95% CI: 1.30--4.63; *P*=0.003), and tumor size \>5 mm (HR 3.59, 95%CI: 2.19--5.87; *P*\<0.001) for all the PTMC patients; CLNM ratio \>0.5 (HR 1.91, 95% CI: 1.17--3.11; *P*=0.009) and ETE (HR 2.37, 95% CI: 1.17--5.79; *P*=0.010) for the younger patients; CLNM ratio \>0.5 (HR 3.52, 95% CI: 1.60--7.75; *P*=0.002) and tumor size \>5 mm (HR 5.62, 95% CI: 1.76--9.37; *P*=0.009) for the elderly patients ([Table 2](#T0002){ref-type="table"}).Table 2Multivariate analyses for recurrence of the PTMC patientsVariablesAll patientsNonelderly groupElderly groupaHR (95% CI)*P*-valueaHR (95% CI)*P*-valueaHR (95% CI)*P*-valueAge (continuous)1.03 (1.01--1.07)0.004----CLNM ratio \>0.53.38 (1.58--7.24)0.0021.91 (1.17--3.11)0.0093.52 (1.60--7.75)0.002Extrathyroidal extension2.24 (1.30--4.63)0.0032.37 (1.17--5.79)0.010--Tumor size \>5 mm3.59 (2.19--5.87)\<0.001--5.62 (1.76--9.37)0.009[^4]

Discussion {#S0004}
==========

The rapid aging of the population in many countries and regions around the world has become an important social issue. Recent surveys have indicated that the incidence of PTC is rising more rapidly over age 65 years than those under 65 (annual percentage change, 8.8% vs 6.4%) in USA.[@CIT0022] In addition，elderly patients may not be good candidates for surgical treatment due to the age-related physiological changes, limited social support, and general status. Therefore, the optimal treatment options for elderly PTMC need to weigh the risks and benefits associated with each treatment.

It is controversial about the impact of age on the PTC prognosis: patient age older than 45 or 55 years has been considered to be a poor prognostic factor by various reports, consistent with risk stratification promoted by American Joint Committee on Cancer,[@CIT0023] whereas other authors suggested alternative age cutoffs ranging from 40 to 70 years. Although there is no consensus on a clear definition of "old age", conventionally the elderly has been defined as a chronological age of 65 years or more.[@CIT0024]--[@CIT0026] As other studies,[@CIT0027]--[@CIT0030] we chose to use the age limit of 65 years with the aim of obtaining a larger series. These reports described the clinical features or prognosis of elderly patients with PTC, but few reports describe elderly PTMC patients.

In this study, we evaluated the clinicopathological characteristics in a cohort of 1,235 patients with PTMC and found that the elderly PTMC patients had more aggressive tumor biological features, such as bilateral cancer, ETE, and CLNM. Therefore, it is not surprising that the recurrence rate of elderly patients is much higher than that of young patients. In our cohort, the overall relapse rate was 3.2%, which was consistent with that of previously published series reported recurrence rates of between 0.5% and 7.9%.[@CIT0004]

Furthermore, we identified independent predictors of recurrence risk in all patients and patients, stratifying based on whether the patient was \>65 years of age. Our results indicated that there were different predictors of recurrence between young and elderly patients. Recurrence was significantly associated with age, CLNM ratio \>0.5, ETE, and tumor size \>5 mm in all PTMC patients. Recurrence was associated with CLNM ratio \>0.5 and ETE in the younger patients, while it was related with CLNM ratio \>0.5 and tumor size \>5 mm in the elderly patients ([Table 2](#T0002){ref-type="table"}).

The rate of CLNM was reported varying from 10% to 50%,[@CIT0031] in which prophylactic CND had the highest rates. In our cohort, 45% of PTMC had CLNM, close to the highest reported, probably due to our policy to performing CND for all PTMC according to the Chinese expert consensus and guideline for the treatment of PTMC.[@CIT0032] Although there is still controversy regarding the effectiveness of prophylactic CND on decreasing postoperative recurrence in patients with PTMC, a recent study found that prophylactic CND does reduce the risk of recurrence in the central compartment and not increase long-term postoperative complications.[@CIT0033] It is currently known that the impact of CLNM on recurrence depends on the number, proportion, and size of the metastases, but microscopic nodal positivity does not carry the recurrence risk,[@CIT0034],[@CIT0035] which may explain why CLNM is not a significant predictor for recurrence in multivariate analysis. Unfortunately, we were unable to distinguish between micrometastatic and significantly metastatic lymph nodes, because the data on lymph node size were unavailable. In addition, our results indicate that the ratio of CLNM is more valuable than the number of CLNM for predicting recurrence in all the PTMC patients, regardless of patient age.

Previous published studies indicated PTMC with larger tumors was more aggressive (multifocality, ETE, and CLNM) than those with smaller tumors.[@CIT0036],[@CIT0037] Our results also indicate that the recurrence risk was significantly higher in elderly PTMC patients with tumor diameter \>5 mm than those with the diameter ≤5 mm.Thus, an immediate surgery should be recommended to elderly patients with tumor diameter \>5 mm, if the patients could tolerate the operation.

ETE included minor ETE and gross ETE. Recent studies have suggested that minor ETE correlates with CLNM but does not correlate with recurrence in multivariate analysis.[@CIT0038],[@CIT0039] In our cohort, we failed to differentiate the minor ETE from gross ETE. This may be why the proportion of ETE in our cohort is high (49% in elderly and 32.3% in nonelderly patients) and our study found no association between ETE and recurrence in elderly patients. RAI ablation could decrease recurrence and increase overall survival for American Thyroid Association (ATA) high-risk patients with PTC. However, our results noted that RAI almost had no positive treatment effect for PTMC patients. This result is consistent with recent published studies, which reported that RAI had no impact on recurrence in patients with PTMC.[@CIT0040],[@CIT0041]

A number of studies have suggested that TT can decrease recurrence rates and improve survival rates for PTC, but there were similar clinical outcomes between LT and TT for PTMC.[@CIT0042] A study using the SEER database demonstrated TT did not increase cause-specific survival for the elderly PTMC patients.[@CIT0018] Consistent with these findings, we found that the extent of surgery was not an independent prognostic factor for elderly patients with PTMC.

This study has several limitations. We cannot extensively distinguish the ETE and CLNM (minor/gross ETE and micro/macrolymph metastases), which would diminish the power of the study. Moreover, the time of follow-up (median: 38 months) is short.However, although PTC may recur a long time after initial treatment, nearly 50% and more than 75% of the recurrences were detected within the first 3 and 5 years postoperatively.[@CIT0043] In addition, although the number of elderly PTMC patients was large, the number of recurrences was limited due to the lower recurrence rate. Thus, further studies with larger series of patients are needed.

In conclusion, compared to patients with younger age, the elderly PTMC patients have more aggressive biological characteristics, higher recurrence rate, and poorer RFS. Tumor diameter\>5 mm and CLNM ratio \>0.5 were independent risk factors for recurrence of elderly patients with PTMC. More aggressive treatment or more rigorous follow-up could be considered for patients with those unfavorable features.
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